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(57) ABSTRACT

Provided is an oscillator including a piezoelectric vibrator
(10), a vibration member (20) that constrains the piezoelectric
vibrator (10) on one surface thereof, an elastic member (40)
that is provided on one surface of the vibration member (20)
or the other surface opposite to one surface and provided so as
to be located between edges of the piezoelectric vibrator (10)
and the vibration member (20) when seen in a plan view, a
fixing member (42) that is provided on one surface or the
other surface of the vibration member (20) and provided so as
to be located between the piezoelectric vibrator (10) and the
elastic member (40) when seen in a plan view, and a support-
ing member (30) that supports the vibration member (20)
through the elastic member (40) and the fixing member (42).

6 Claims, 5 Drawing Sheets
92 90
v o

CONTROL
UNIT

SIGNAL
......... GENERATING }roeom
UNIT




US 9,093,953 B2

Page 2
(56) References Cited Jp 2000140759 A 5/2000
Jp 2007-251271 A 9/2007
U.S. PATENT DOCUMENTS WO 2007/083497 Al 7/2007
2009/0045700 Al* 2/2009 Sasakietal. ............ 310/348 OTHER PUBLICATIONS
2011/0163635 Al* 7/2011 Kimetal. ....cccocevnne 310/328

Communication dated Aug. 14, 2014 from the European Patent
FOREIGN PATENT DOCUMENTS Office in counterpart application No. 12765550 .4.

Jp 11024668 A 1/1999 * cited by examiner



U.S. Patent Jul. 28, 2015 Sheet 1 of 5 US 9,093,953 B2

FIG. 1
92 90
SIGNAL
cwmend GENERATING CONTROL
UNIT UNIT
10
20 ™ 46
’ \\\ - V ./""/
AN 777
T A Rz
N b
0 N N\
\/\'AV \ \ N \
ALY N N\
. 1N L . 40
B |
V42



U.S. Patent Jul. 28, 2015 Sheet 2 of 5 US 9,093,953 B2

FIG. 2
72

=
VA NANEN ‘x_/

10




U.S. Patent Jul. 28, 2015 Sheet 3 of 5 US 9,093,953 B2

(b)




U.S. Patent Jul. 28, 2015

Sheet 4 of 5 US 9,093,953 B2
FIG. 4
g2 80
/ ,-/N
SIGNAL
GENERATING [--{ CONTROL
30 UNIT
N a2z
\\ \\J\\ '/ J ﬂ4 0
20 [ \ A |
5 /&
‘, \ \\ . \\\ \ \,\ ) y 46
N . . N
A > M AN 4
2w p777] woer
VA i 2
\\\ \1
N\ AN N




U.S. Patent Jul. 28, 2015 Sheet 5 of 5 US 9,093,953 B2

FIG. 5
92 90
SO
CONTROL
,g,. ........ GENEﬁﬁ—TING UNH_
10
20 i 46
N\\ \\\ V Py
_ yrzzzy 0w
] 7| -~
30 \ \
N\ ™
\ a0
42



US 9,093,953 B2

1
OSCILLATOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a National Stage of International Application No.
PCT/IP2012/001605, filed Mar. 8, 2012, claiming priority
from Japanese Patent Application No. 2011-081036, filed
Mar. 31, 2011, the contents of all of which are incorporated
herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to an oscillator having a
piezoelectric vibrator.

BACKGROUND ART

As an electro-acoustic transducer used in an electronic
device, there is a piezoelectric electro-acoustic transducer
using a piezoelectric vibrator. The piezoelectric electro-
acoustic transducer generates a vibrational amplitude by
using an expansion and contraction motion of the piezoelec-
tric vibrator. Thus, there is an advantage in a reduction in the
thickness thereof as compared with an electrodynamic elec-
tro-acoustic transducer constituted by a magnet, a voice coil,
or the like. A technique involved in the piezoelectric electro-
acoustic transducer is disclosed in, for example, Patent Docu-
ment 1. In the technique disclosed in Patent Document 1, a
base to which a piezoelectric element is attached is connected
to a supporting member through a vibrating film having a
lower rigidity than the base.

In addition, the piezoelectric vibrator is also used as, for
example, an ultrasound wave sensor. A technique disclosed in
Patent Document 2 relates to the ultrasound wave sensor
using the piezoelectric vibrator, and discloses that an outer
circumferential edge of a metal plate that vibrates flexurally
in association with an expansion and contraction vibration of
a piezoelectric member is held by a holding member.

RELATED DOCUMENT
Patent Document

[Patent Document 1] Pamphlet of International Publication
WO. 2007/083497

[Patent Document 2] Japanese Unexamined Patent Publi-
cation No. 2007-251271

DISCLOSURE OF THE INVENTION

In an oscillator using a piezoelectric vibrator, it is required
to improve a sound pressure level thereof.

According to the invention, provided is an oscillator com-
prising: a piezoelectric vibrator; a vibration member that
constrains the piezoelectric vibrator on one surface thereof;
an elastic member that is provided on one surface of the
vibration member or the other surface opposite to one surface
and provided so as to be located between the piezoelectric
vibrator and an edge of the vibration member when seen in a
plan view; a fixing member that is provided on one surface or
the other surface of the vibration member and provided so as
to be located between the piezoelectric vibrator and the elas-
tic member when seen in a plan view; and a supporting
member that supports the vibration member through the elas-
tic member and the fixing member.
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2

According to the invention, in an oscillator using a piezo-
electric vibrator, it is possible to improve a sound pressure
level thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned objects, other objects, features and
advantages will be made clearer from preferred embodiments
described below, and the following accompanying drawings.

FIG. 1 is a cross-sectional view illustrating an oscillator
according to a first embodiment.

FIG. 2 is a cross-sectional view illustrating a piezoelectric
vibrator shown in FIG. 1.

FIG. 3 is a cross-sectional view illustrating a vibration
mode of the oscillator shown in FIG. 1.

FIG. 4 is a cross-sectional view illustrating an oscillator
according to a second embodiment.

FIG. 5 is a cross-sectional view illustrating an oscillator
according to a third embodiment.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the invention will be
described with reference to the accompanying drawings. In
all the drawings, like elements are referenced by like refer-
ence numerals and descriptions thereof will not be repeated.

FIG. 1 is a cross-sectional view illustrating an oscillator
100 according to a first embodiment. The oscillator 100 com-
prises a piezoelectric vibrator 10, a vibration member 20, an
elastic member 40, a fixing member 42, and a supporting
member 30. For example, the oscillator 100 is installed in a
portable terminal device such as a cellular phone.

The vibration member 20 constrains the piezoelectric
vibrator 10 on one surface thereof. The elastic member 40 is
provided on the other surface opposite to one surface of the
vibration member 20 and provided so as to be located
between the piezoelectric vibrator 10 and the edge of the
vibration member 20 when seen in a plan view. The fixing
member 42 is provided on the other surface of the vibration
member 20 and provided so as to be located between the
piezoelectric vibrator 10 and the elastic member 40 when
seen in a plan view. The supporting member 30 supports the
vibration member 20 through the elastic member 40 and the
fixing member 42. Hereinafter, the configuration of the oscil-
lator 100 will be described in detail.

The vibration member 20 has, for example, a flat plate
shape. The vibration member 20 is constituted by a metal
material, for example, a versatile material such as phosphor
bronze or stainless steel. The thickness of the vibration mem-
ber 20 is preferably 5 pm to 500 um. In addition, a modulus of
longitudinal elasticity of the vibration member 20 is prefer-
ably 1 GPa to 500 GPa. When the modulus of longitudinal
elasticity of the vibration member 20 is excessively low or
high, there is a concern that vibration characteristics and
reliability of the oscillator may be damaged.

The elastic member 40 is constituted by a resin material
such as an olefin-based polymer material, for example, poly-
ethylene terephthalate or urethane. For example, a plurality of
the elastic members 40 are provided around the piezoelectric
vibrator 10 so as to be separated from each other, but the
invention is not limited thereto. In other words, the elastic
members 40 may be provided as one body so as to surround
the entire circumference of the piezoelectric vibrator 10, or
only one elastic member may be provided in a portion of the
perimeter of the elastic member 40.

In addition, in the embodiment, the elastic member 40 is
provided so as to be bonded to the other surface of the vibra-
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tion member 20, but may be provided so as to be bonded to,
for example, one surface of the vibration member 20.

The fixing member 42 is constituted by a metal material,
for example, brass, stainless steel, or copper. The fixing mem-
ber 42 has a higher elastic modulus than the elastic member
40.

For example, the fixing member 42 is located on a straight
line connecting the elastic member 40 and the center point of
the piezoelectric vibrator 10. Thus, in a vibration mode of the
embodiment, which will be described later, it is possible to
effectively increase a vibrational amplitude of the vibration
member 20.

In a similar manner as the elastic member 40, for example,
a plurality of the fixing members 42 are provided around the
piezoelectric vibrator 10 so as to be separated from each
other, but the invention is not limited thereto. In addition, in
the embodiment, the fixing member 42 is provided so as to be
bonded to the other surface of the vibration member 20, but
may be provided so as to be bonded to, for example, one
surface of the vibration member 20.

As illustrated in FIG. 1, the fixing members 42 are bonded
to the vibration member 20 through, for example, a connec-
tion member 46. The connection member 46 may be consti-
tuted by, for example, a metal material. The connection mem-
ber 46 may be constituted by an elastic material, for example,
natural rubber, NBR rubber, or silicon rubber. In this case,
since constraint force from the fixing member 42 with respect
to the vibration member 20 is mitigated, it is possible to
increase the vibrational amplitude in the vibration mode of
the embodiment which will be described later.

In a plane direction horizontal to one surface of the vibra-
tion member 20, the cross section of the connection member
46 is smaller than that of the fixing member 42. Even in this
case, since constraint force from the fixing member 42 with
respect to the vibration member 20 is mitigated, it is possible
to increase the vibrational amplitude in the vibration mode of
the embodiment which will be described later.

Asillustrated in FIG. 1, the elastic member 40 is bonded to
the vibration member 20 through, for example, a connection
member 44. The connection member 44 is constituted by, for
example, a metal material.

As illustrated in FIG. 1, the supporting member 30 is dis-
posed on the other surface side of the vibration member 20.
The supporting member 30 disposed on the other surface side
of the vibration member 20 is bonded to the elastic members
40 and the fixing members 42 that are provided on the other
surface of the vibration member 20. Thus, the supporting
member 30 supports the vibration member 20.

In addition, for example, when the elastic member 40 and
the fixing member 42 are provided on different surfaces of the
vibration member 20, the supporting member 30 is disposed
on one surface side and the other surface side of the vibration
member 20 (not shown).

FIG. 2 is a cross-sectional view illustrating the piezoelec-
tric vibrator 10 shown in FIG. 1. As illustrated in FIG. 2, the
piezoelectric vibrator 10 has a piezoelectric body 70, an upper
electrode 72, and a lower electrode 74. The piezoelectric body
70 is interposed between the upper electrode 72 and the lower
electrode 74. In addition, the piezoelectric body 70 is polar-
ized in the thickness direction thereof (vertical direction of
FIG. 2). The piezoelectric vibrator 10 is, for example, circular
or elliptical in a plane direction horizontal to one surface of
the vibration member 20.

The piezoelectric body 70 is constituted by a material
having a piezoelectric effect, and is constituted by, for
example, lead zirconate titanate (PZT) or barium titanate
(BaTiO3) as a material having a high electro-mechanical
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conversion efficiency. In addition, the thickness of the piezo-
electric body 70 is preferably 10 um to 1 mm. When the
thickness is less than 10 um, there is a concern that the
piezoelectric body may be damaged during handling because
the piezoelectric body 70 is constituted by a brittle material.
On the other hand, when the thickness exceeds 1 mm, the
electric field intensity of the piezoelectric body 70 decreases,
which results in a decrease in the energy conversion effi-
ciency.

The upper electrode 72 and the lower electrode 74 are
constituted by a material having an electrical conduction
property, for example, silver or a silver/palladium alloy. Since
silver is a low-resistance versatile material, there is an advan-
tage from the viewpoint of a manufacturing cost and a manu-
facturing process. In addition, a silver/palladium alloy is a
low-resistance material having an excellent oxidation resis-
tance and has an excellent reliability. The thicknesses of the
upper electrode 72 and the lower electrode 74 are preferably
1 um to 50 pum. When the thicknesses are less than 1 pm, it is
difficult to uniformly mold the upper electrode 72 and the
lower electrode 74. On the other hand, when the thicknesses
exceed 50 um, the upper electrode 72 or the lower electrode
74 serves as a constraint surface with respect to the piezoelec-
tric body 70, which results in a decrease in the energy con-
version efficiency.

The oscillator 100 includes a control unit 90 and a signal
generating unit 92. The signal generating unit 92 is connected
to the piezoelectric vibrator 10 and generates an electrical
signal to be input to the piezoelectric vibrator 10. The control
unit 90 is connected to the signal generating unit 92 and
controls the generation of a signal by the signal generating
unit 92. The control unit 90 controls the generation of the
signal by the signal generating unit 92 based on information
that is input from the outside, thereby allowing the output of
the oscillator 100 to be controlled.

When the oscillator 100 is used as a parametric speaker, the
control unit 90 inputs a modulated signal of the parametric
speaker through the signal generating unit 92. In this case, the
piezoelectric vibrator 10 uses a sound wave of equal to or
more than 20 kHz, for example, 100 kHz, as a carrier wave of
the signal.

In addition, when the oscillator 100 is used as a general
speaker, the control unit 90 may directly input a sound signal
to the piezoelectric vibrator 10 through the signal generating
unit 92.

In addition, when the oscillator 100 is used as a sound wave
sensor, a signal to be input to the control unit 90 is a command
signal to the effect that the sound wave is oscillated. When the
oscillator 100 is used as the sound wave sensor, the signal
generating unit 92 causes the piezoelectric vibrator 10 to
generate a sound wave having a resonance frequency of the
piezoelectric vibrator 10.

An operational principle of the parametric speaker is as
follows. The parametric speaker performs sound reproduc-
tion using a principle in which ultrasound waves on which an
AM modulation, a DSB modulation, an SSB modulation, or
an FM modulation is performed are emitted into the air and an
audible sound is issued based on the non-linear characteris-
tics when ultrasonic waves are propagated into the air. The
term “non-linear” herein indicates a transition from a laminar
flow to a turbulent flow when the Reynolds number expressed
by the ratio of the inertial action and the viscous action of a
flow increases. In other words, since the sound wave is very
slightly disturbed within a fluid, the sound wave is propagated
non-linearly. In particular, when the ultrasound waves are
emitted into the air, higher harmonic waves associated with
the non-linearity are conspicuously generated. In addition,
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the sound wave is in a sparse and dense state in which molecu-
lar assemblies in the air are mixed lightly and shadily. When
it takes time for air molecules to be restored rather than
compressed, the air which is not capable of being restored
after the compression collides with air molecules continu-
ously propagated, and thus a shock wave occurs. The audible
sound is generated by this shock wave. Since the parametric
speaker can form a sound field only in the vicinity of a user,
and the parametric speaker is excellent from the viewpoint of
privacy protection.

Next, a principle in which the amplitude of the vibration
member 20 increases in the embodiment will be described.
FIG. 3 is a cross-sectional view illustrating a vibration mode
of the oscillator 100 shown in FIG. 1. The vibration member
20 vibrates in a vertical direction of FIG. 3 in association with
an expansion and contraction vibration of the piezoelectric
vibrator 10. At this time, the vibration member 20 vibrates
using the fixing member 42 as a supporting point 50.

In the embodiment, the elastic member 40 is provided at a
position closer to the edge of the vibration member 20 than
the fixing member 42. For this reason, when the vibration
member 20 vibrates, stress from the elastic member 40 is
applied to the end of the vibration member 20 in the directions
shown by block arrows of FIG. 3.

In other words, as illustrated in FIG. 3(a), when the vibra-
tion member 20 vibrates in a convex manner downward in the
drawing, a portion closer to the edge of the vibration member
20 than the supporting point 50 is displaced upward in the
drawing. At this time, downward stress in the drawing, that is,
stress in a direction in which the vibration of the vibration
member 20 increases is applied to the end of the vibration
member 20 from the elastic member 40.

In addition, as illustrated in FIG. 3(5), when the vibration
member 20 vibrates in a convex manner upward in the draw-
ing, a portion closer to the edge of the vibration member 20
than the supporting point 50 is displaced downward in the
drawing. At this time, upward stress in the drawing, that is,
stress in a direction in which the vibration of the vibration
member 20 increases is applied to the end of the vibration
member 20 from the elastic member 40.

In this manner, the amplitude of the vibration member 20
increases.

Next, effects of the embodiment will be described. The
oscillator 100 according to the embodiment comprises the
elastic member 40 that is provided on the other surface of the
vibration member 20 and provided so as to be located
between the piezoelectric vibrator 10 and the edge of the
vibration member 20 when seen in a plan view, and the fixing
member 42 that is provided on the other surface of the piezo-
electric vibrator 10 and provided so as to be located between
the piezoelectric vibrator 10 and the elastic member 40 when
seen in a plan view. The vibration member 20 is supported by
the supporting member 30 through the elastic members 40
and the fixing members 42.

With such a configuration, when the vibration member 20
vibrates, the vibration member 20 receives stress in the ver-
tical direction from the elastic member 40 by using the fixing
member 42 as a supporting point. Thus, the amplitude of the
vibration member 20 increases. Therefore, in the oscillator
using the piezoelectric vibrator, it is possible to improve a
sound pressure level thereof.

FIG. 4 is a cross-sectional view illustrating an oscillator
102 according to a second embodiment, and corresponds to
FIG. 1 according to the first embodiment. The oscillator 102
according to the embodiment has the same configuration as
the oscillator 100 according to the first embodiment except
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6

that the elastic members 40 and the fixing members 42 are
provided on one surface and the other surface of the vibration
member 20.

As illustrated in FIG. 4, the elastic members 40 are bonded
to the vibration member 20 through the connection member
44 on one surface and the other surface of the vibration
member 20. The elastic member 40 provided on one surface
of the vibration member 20 and the elastic member 40 pro-
vided on the other surface thereof are located so as to overlap
each other when seen in a plan view.

The fixing members 42 are bonded to the vibration member
20 through the connection member 46 on one surface and the
other surface of the vibration member 20. The fixing member
42 provided on one surface of the vibration member 20 and
the fixing member 42 provided on the other surface of the
vibration member 20 are located so as to overlap each other
when seen in a plan view.

The supporting members 30 are disposed on one surface
side and the other surface side of the vibration member 20.
The supporting members 30 support the vibration member 20
through the elastic members 40 and the fixing members 42
that are provided on one surface and the other surface of the
vibration member 20.

Even in the embodiment, it is possible to obtain the same
effects as the first embodiment.

In addition, the elastic members 40 are provided on one
surface and the other surface of the vibration member 20.

For this reason, when the vibration member 20 vibrates,
stress applied from the elastic members 40 to the vibration
member 20 increases as compared with the first embodiment.
Thus, it is possible to further increase the amplitude of the
vibration member.

FIG. 5 is a cross-sectional view illustrating an oscillator
104 according to a third embodiment, and corresponds to
FIG. 1 according to the first embodiment. The oscillator 104
according to the embodiment has the same configuration as
the oscillator 100 according to the first embodiment except
that the elastic member 40 is constituted by a spring.

Even in the embodiment, it is possible to obtain the same
effects as the first embodiment.

As described above, although the embodiments of the
invention have been set forth with reference to the drawings,
they are merely illustrative of the invention, and various con-
figurations other than stated above can be adopted.

The application claims priority from Japanese Patent
Application No. 2011-081036 filed on Mar. 31, 2011, the
content of which is incorporated herein by reference in its
entirety.

The invention claimed is:

1. An oscillator comprising:

a piezoelectric vibrator;

a vibration member that constrains the piezoelectric vibra-
tor on one surface thereof;

an elastic member that is provided on one surface of the
vibration member or another surface, opposite the one
surface, and provided so as to be located between the
piezoelectric vibrator and an edge of the vibration mem-
ber when seen in a plan view;

a fixing member that is provided on one surface or the other
surface of the vibration member and provided so as to be
located between the piezoelectric vibrator and the elastic
member when seen in a plan view; and

a supporting member that supports the vibration member
through the elastic member and the fixing member,

wherein the elastic member and the fixing member are
provided on a first region of the vibration member,
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another elastic member and another fixing member are
provided on a second region of the vibration member,
and

the first and second regions oppose one another across the

piezoelectric vibrator in the plan view.

2. The oscillator according to claim 1, wherein the elastic
member is constituted by polyethylene terephthalate or ure-
thane.

3. The oscillator according to claim 1, wherein the elastic
member is a spring.

4. The oscillator according to claim 1,

wherein the elastic member and the another elastic member

are respectively provided on the one surface and another
surface, opposite the one surface, of the vibration mem-
ber.

5. The oscillator according to claim 1,

wherein the fixing member is bonded to the vibration mem-

ber through an elastic material.

6. An oscillator comprising:

a piezoelectric vibrator;

a vibration member that constrains the piezoelectric vibra-

tor on one surface thereof;
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a single elastic member, comprising one body including a
first elastic portion and a second elastic portion, on one
surface of the vibration member and on another surface,
opposite the one surface, and

the first elastic portion is provided so as to be located
between the piezoelectric vibrator and an edge of the
vibration member when seen in a plan view;

a fixing member that is provided on one surface or the other
surface of the vibration member and provided so as to be
located between the piezoelectric vibrator and the single
elastic member when seen in a plan view; and

a supporting member that supports the vibration member
through the first elastic portion and the fixing member,

wherein the first elastic portion and the fixing member are
provided on a first region of the vibration member,

the second elastic portion and another fixing member are
provided on a second region of the vibration member,
and

the first and second regions oppose one another across the
piezoelectric vibrator in the plan view.
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